Cloning, over-expression, purification, and characterisation of N-acetylneuraminate synthase from Streptococcus agalactiae.
N-acetylneuraminate synthase (NeuAc-synthase; E.C. 4.1.3.19) is one of the two enzymes responsible for sialic acid (N-acetylneuraminic acid) synthesis in bacteria. Potential genes encoding NeuAc synthase in Streptococcus agalactiae and Bacillus subtilis were identified from a BLAST search of the EMBL/GenBank/DDBJ database using the E. coli neuB gene sequence as a probe and the genes cloned and expressed at high level in Escherichia coli. The neuB gene of S. agalactiae was shown to encode an active NeuAc synthase, whereas the spsE gene product from B. subtilis did not have this activity. Expression of the native S. agalactiae neuB gene product enzyme in E. coli resulted in a product that was prone to proteolysis during purification so the protein was tagged with a hexa-histidine tag at its N-terminus and the enzyme was rapidly purified to homogeneity by ammonium sulphate fractionation and Ni-chelating affinity chromatography in two steps. Measurement of the subunit molecular mass by electrospray ionisation mass spectrometry (M(r) = 38, 987 +/- 3) and of the native molecular mass by gel filtration chromatography (M(r) = 78,000) clearly demonstrated that the enzyme is dimeric. The effects of EDTA, temperature, and pH on the activity of the S. agalactiae NeuAc synthase were examined. Enzyme activity was maximal at pH 7 and was dependent on the presence of metal ions such as Mg(2+), Mn(2+) or Co(2+). The purified enzyme was inhibited by the reagent phenylglyoxal and the substrates N-acetyl mannosamine or phosphoenol pyruvate afforded protection against this inhibition, suggesting that one or more arginine residues are involved in substrate recognition and binding. The ease of expression and the properties of the enzyme should now permit a thorough study of the specificity of the enzyme and provide the prerequisites for attempts to alter this specificity by directed evolution for the production of novel sialic acid analogues.